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AMENDMENTS TO THE DRAWINGS: 

The attached nineteen (19) sheets of drawings include changes to Figures 1-17. These 
sheets, which include Figures 1-17 replaces the original thirteen (13) sheets including Figures 
1-17. The drawings have all been amended to remove Japanese characters and to replace 
them with their English equivalents. Also, Figure 1 has been additionally amended to include 
character reference "PT," which had been previously omitted. Figures 2, 8, 13, 14 and 15 
have been amended so that character references used to designate more than one different 
part in the drawings have been replaced as necessary in accordance with 37 C.F.R. § 1.84(p). 

The present amendment adds no new matter to the drawings. 

Attachment: Nineteen Replacement Sheets 

Thirteen Annotated Sheets showing changes. 
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REMARKS 

The specification has been amended to incorporate the International and Japanese 
priority applications by reference, and to improve grammar, change several character 
references used in the drawings, and to incorporate certain subject matter contained in the 
original drawings. A substitute specification in compliance with 37 C.F.R. §1.125 is 
attached. The attached substitute specification contains no new matter. 

The Abstract has been amended to comply with 37 C.F.R. § 1.72. The drawings have 
been amended to replace Japanese characters with their English equivalents and to comply 
with 37 C.F.R. § 1 .84(p). The claims have been amended to delete multiple dependencies 
and to place them in better form for examination. The present amendment adds no new matter 
to the application. 

Accordingly, it is believed that the application is in good condition for examination. 
The below-signed attorney for Applicants welcomes any questions. 



GRIFFIN & SZIPL, P.C 
Suite PH-1 

2300 Ninth Street, South 
Arlington, VA 22204 

Telephone: (703)979-5700 
Facsimile: (703)979-7429 
Email: GandS@szipl.com 
Customer No.: 24203 



Respectfully submitted, 



GRIFFIN & SZIPL, P.C. 
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SPEC I FICAT I ON 

METHOD FOR WATER HAMMERLESS OPENING OF FLUID PASSAGE, 
AND METHOD FOR SUPPLYING CHEMICAL SOLUTIONS AND DEVICE 
FOR WATER HAMMERLESS OPENING FOR WHICH THE METHOD IS 

USED 

roOQOI Thi s is a National Phase Application in the United States of International 
Patent Application No. PCT/JP2005/0Q0264 filed January 13. 2005. which 
claims priority on Japanese Patent Application No. 2004-011497. filed January 
20, 2004. The entire disclosures of the above patent applications are hereby 
incorporated by reference. 

Field of the Invention 

[0001] The present invention is concerned with improvements in a water 
hammer prevention system with which the water hamme r effect is completely 
prevented whe nat tho timo of promptly opening ef-a fluid passage, and is more 
specificallvconcrotolv concerned with a method for water hammerless opening 
of a fluid passage, a method for feeding chemical solutions, and a device for 
water hammerless opening for which the method is used so that the fluid 
passage is opened quickly and surely without causing t he occurrence of awater 
hammer effect on the upstream side of the fluid passage irrespective of the 
degree of the fluid pressur e involved . 



ill 



Background of the Invention 

[0002] It has been widely known that when a passage through which a liquid* 
such as water or the like* passes is abruptly closed 7 there occurs theso-called 
water hammer with which the pressure rises inside the passage on the upstream 
side of the closed point in a vibratory manner w ith v i brat i ons , thereby 
causingthus various problems such as the breakdown of devices or instruments 
connected to the passage due to th e b e ing oausod by sa i d water hammer. 
[0003] Thus, various techniques have been developed to prevent the 
occurrence of awater hammer._ 
4 

However, these techniques basically employ either one of the following methods, 
that is: T (1 ) the time for closing a fluid passage jsbemg set to be slightly longer, or 
(2) the vibrating pressure generated inside oHhe passage isbeing released to 
the outside by opening athe bypass passage, or js b ei ng absorbed by a 
separately installedt he accumulato r separately installed . The former method is 
found to be time -consuminote kine for closing the fluid passage, thus resulting in 
failure tote meetifig-witb the need foref-the prompt closing of the passage, while 
according to the latter method, the added costs for the bypass passage or the 
accumulator attachments isbecome too high. 

[0004] The afore-mentioned issues regarding the w ater hamme r effect have 
been discussed in those industrial fields where the-fluid involvesw ttfr a relatively 
large flow quantit y i s involved . In recent years, however, in the-fields where a 
small flow quantity is involved d e alt with , for example, in_a field where wafer 
cleaning in semiconductor manufacturing or chemical products manufacturing 
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are encountened d e alt with , it has become a-very important to prevent the 
occurrence of a issu e that water hammer is provontod at the time of urgent 
closure of suppliedt he fluid in order t ot o bo supplied from tho vinw pnintn nf 
improveing the-maintenance of facilities^ and th o improve product quality, and, 
further, achieve upgrading of_so-called throughput characteristics in the 
manufacturing process. 

[0005] Patent Document 1 : Toku-Kai-Hei No.7-1 90235 Public Bulletin 
Patent Document 2: Toku-Kai No.2000-1 0602 Public Bulletin 
Patent Document 3: Toku-Kai No.2002-295705 Public Bulletin 
[0006] On the other hand, thejnventors of the present invention have 
developed and disclosed techniques to solve the afore-mentioned problems 
related to conventional techniques forte preventing the occurrence of the w ater 
hamme r effect , namelvt hat-46. 

not being able to cope fully with urgent passage closure withou tt ho proconno nf 
urgency by a moosuro basically to-se tting a slightly longer a closing time of the 
fluid passag e slightly longor , and (2) not being able to cope fully with the rising 
facilities' costs incyrred of faoi l itioo to bo attochod by a -adding measur es that 
basically te-absorb or release the vibrating pressur e. 7V 4hu s, the present 
invention makesfog it possible to abruptly close at haka fluid passage guicklv and 
surely at low cost andboina abruptly clonnri withou t generating a water hammer 
at a low coot, quick l y and suroly ._ 

In particularNametv. thesaid techniques of the present invention allow a 

fluid passage to be abruptly closed without the occurrence of a_water hammer 
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ancL in an extremely short lapse of time (for example, within 1000jrn-sec) A by 
performing the-closure of a valve provided on the fluid passage by means of the 
multi-ste p closing operations. Also, thesate technique s of the present invention 
determine the conditions for closing thea valve in advance of actual closure, and 
in order to make it possible for the fluid passage to fee-closed without a_water 
hamme r forming, in advance b y actually conducting valve closing tests so that 
the actuator of the valve body is operated by anthe electro-pneumatic 
conversion device in which-safel valve closing conditions are stored.,- _T#ius A 
water hammerless closing of the fluid passage isbeing achieved quickly and 
surely. 

Discloour e of tho Inv ention 

■ 

Object of the Invention 

[0007] WTochn i quos of w ater hammerless closin g techniques foref a fluid 
passag e have previously beendeveloped by inventors of the present invention 
and allow the fluid passage to be abruptly closed , quickly and surely, without 
causing ajwater hammer_effect quiokly and ouroly , thus achieving excellent 7 
practical effects. 

IQQQ8] However, in recent years, in the-fields such as the 

semiconductor_- 

manufacturing facility industry, ttiechemical and pharmaceutical industries^ and 
the like, there hashave been astrongly desired to reliably prevent thet hat water 
hammer effect at th e time when the fluid passage is abruptly opened andi s 

& i 



curely prev e nted not only at the time when the fluid passage is abruptly closed T 
but also at th e t i me wh e n the fluid passag e is abrupt l y oponod . This means that 
the conventional measure foref preventing awater hammer at the time of abrupt 
closure of the fluid passage has not been is found net-to be sufficient. The 
reason is that when a_water hammer occurs at the time of opening the fluid 
passage, various difficulties* such as moving of particles into the fluid passage 
and the like* arise como up . 

f00091 Due to the recent trend wherei nt hat the semiconductor cleaning 

devices* and the like* employ the-cleaning equipment with which wafers are now 
treated one by one (a single wafer processing cleaner), it has become an 
important i ssue not only that quality improvements in thea liquid supply system 
are achieved, but also that the t ime required for each proces s of cleaning is 
shortened to improve so-called throughput characteristics. Furthermore, with 
use of the afore-mentioned new treatment— type semiconductor manufacturing 
facility, it becomes inevitable that the frequency of valves openin g being oponod 
and closinge tesed increases because wafers are singly—treated singly . 
Therefore, there is a need for stable ef-water hammerless valve opening and 
closing methods are noodod . As such, it has become a strictsevere 
requirement that athe liquid supply system does not cause pressure fluctuations 
while wafers are processed. 

[001008] It is an object of the present Invention to solve the afore-mentioned 
problems encountered w ith semiconductor manufacturing facilities, cleaning 
equipment and the like, and to provide a method for water hammerless opening 
of athe fluid passage, and a method for the supply of liquids-supply and a device 



for water hammerless_- 
4 

opening 1 for which the method is used so that the fluid supply passage is surely 
and abruptly opened in a state of water hammeriessness. 

Summary of the InventionMean s to Achiovo the Obioct 
[001109] Inventors of the present invention have conceived come up with a n 
idea of how to open a valve by athe multi-step method* in which a valve body of 
the valve blocking the passage is rapidly moved to athe prescribed position 
before reaching the full opening position, and then, the valve body is moved to 
the full opening position after athe short lapse of time i _A r and-at the same time, 
a number of analytical tests were conducted by the inventors on the mechanism 
of how awater hammer occurs by emolovinou stoq theeatd method of the present 
invention for opening the valve. FAteOr— romwfth the results of the 
afore-mentioned tests, thejnventors of the present invention have learned how 
to prevent the occurrence of the water hamme r effect by making the stopping 
position of the valve body at athe first step come within athe specified range 
when the valve is first o pened. 

[00120] The present invention has been created based on the afore-mentioned 
findings. The present invention* in accordance with a first method 
embodimentas claimod in C l nim 1^ is fundamentally so-constituted so that, with 
the method by which the fluid passage is made open by means of the actuator 
operating type valve provided on the fluid passage having athe nearly constant 
pressure inside the pipe passage, first the valve body is moved toward the 



direction of the valve opening by increasing or decreasing to the prescribed set 
value t he afore-mentioned driving input to the actuato r being increased or 
roducod to tho proscribed cot v a luo , and the driving input to the actuator is held 
at the afore-mentioned set value for a short period of time, and then, thesafel 
driving input is further increased or reduced_- 

to place make the valve in a state of full opening, thus the fluid passage teteetog 
opened without causing a w ater hammer. 

[00134] The present invention in accordance with a second method 
embodiment, which further modifies the first method embodiment as claimed in 
Cla i m 2 acoord i ng to Claim 1 is se-made so that the valve is a normally closed 
and pneumatic pressure operating type diaphragm valve, or a normally closed 
and pneumatic pressure operating type diaphragm valve which is of the fixed 
capacity type with the inner capacity of the valve not changin o be i no changed 
when the valve is operate d, is employed for a valvo . 

[00143] The present invention in accordance with a third method embodiment, 
which further modifies the first method embodiment s claimed i n Claim 3 
according to Cla i m 1 is se-made so that the time for holding t he driving input to 
the actuator boing hold at the set value for a short period of time is made to be 
less than 1 second, and the pressure rise value of the fluid passage is made to 
be within 10% of the pressure value before the valve is made toppen. 
[00153] The present invention in accordance with a first apparatus 
embodimentas claimed i n Clnim A is fundamentally so-constituted so that a 
device for water hammerless opening of a fluid passaoeft comprises a valve 



ill 



body, an actuator to drive the valve body, a vibration sensor removably fixed to 
the pipe passage on the upstream side of the valv e body, an electro-pneumatic 
conversion control device to which athe valve opening/closing command signal 
is inputted and with which the actuator operating pressure Pa inputted to the 
actuator is controlled by athe control signal Sc stored in athe data storage part in 
advance, and a computation control device equipped with a comparison 
computation circuit to which athe vibration detecting signal Pr from the 
afore-mentioned vibration sensor, athe step pressure setting signal Ps to be 
supplied to the actuator, athe step pressure holding time setting signal Ts, and 
athe permissible upper limit vibration pressure setting signal Prm_- 
§ 

are inputted, and with which the afore-mentioned vibration detecting signal Pr 
and the permissible upper limit vibration pressure setting signal Prm are 
compared, and the afore-mentioned step pressure setting signal is adjusted, 
thus outputting the control signal Sc consisting of the afore-mentioned holding 
time setting signal Ts and adjusted step pressure setting signal Ps to the data 
storage part of the afore-mentioned electro-pneumatic conversion control 
device. 

[00164] The present invention in accordance with a second apparatus 
embodiment which further modifies the first apparatus embodiment ' s claimod 
in Claim 5 according to Claim 4 is se-constituted so that thea computation control 
device comprises a step pressure setting circuit, a holding time setting circuit, a 
permissible upper limit vibration pressure setting circuit, a vibration pressure 
detecting circuit and a comparison computation circuit; and A when the vibration 



detecting signal Pr exceeds the permissible upper limit vibration pressure setting 
signal Prm immediately after the actuator operating signal is step-changed, the 
step pressure setting signal Ps is adjusted toward the rising direction, and when 
the vibration detecting signal Pr exceeds the permissible upper limit vibration 
pressure setting signal Prm immediately after the actuator operating pressure is 
made to zero from the intermediate step operating pressure, the step pressure 
setting signal Ps is adjusted toward the lowering direction. 
[0017§] The present invention in accordance with a third apparatus 
embodiment, which further modifies the first apparatus embodiment as cla i med 
in Claim 6 accord i ng to Claim 4 is-se constituted so that an electro-pneumatic 
conversion device comprises a data storage part thatwhieh stores the control 
signal Sc from the computation control device, a signal conversion part and an 
electro-pneumatic conversion part; the_- 

actuator operating pressure control signal Se is outputted from the signal 
conversion part to the electro-pneumatic conversion part based on the control 
signal Sc' stored in the data storage part in advance so tha t with which no water 
hammer is caused. 

[001 8S] The present invention in accordance with a fourth apparatus 
embodiment as claimod in Claim 7 is fundamentally so-constituted so that a 
device for water hammerless openina of a fluid passaged comprises an actuator 
operating type valve installed on the fluid passage, an electro-pneumatic 
conversion device to supply athe 2-step actuator operating pressure Pa to the 
actuator operating type valve, a vibration sensor removably fixed to the pipe 
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passage on the upstream side of the afore-mentioned actuator operating type 
valve, and a tuning box to which the vibration detecting signal Pr detected 
through the vibration sensor is inputted,, and from which the control signal Sc js 
outputted t o the electro-pneumatic conversion device t o control the step 
operating pressure Ps' of the afore-mentioned 2-step actuator operating 
pressure P a is outputted to tho oloctro pneumatic conv e rsion dov i co , and t o 
output the 2-step actuator operating pressure Pa of the step operating pressure 
Ps\ which makes the vibration detecting signal Pr nearly zero, from the 
electro-pneumatic conversion device by adjusting said control signal Sc. 
[001 97] The present invention in accordance with a fourth method 
embodimentas claimed in Claim 8 is fundamentally ss-constituted so that, with 
the method for opening a fluid passage for which a vibration sensor is removably 
fixed on the upstream side of the actuator operating type valve installed on the 
fluid passage, and the vibration detecting signal Pr is inputted to the tuning box, 
and then, the control signal Sc from the tuning box is inputted to the 
electro-pneumatic conversion device, thus the_- 

2-step actuator operating pressure Pa generated in the electro-pneumatic 
conversion device by the afore-mentioned control signal Sc isbo ing supplied to 
the actuator so that the actuator operating type valve is made toopen in the 
2-step operation, the 2-step actuator operating pressure Pa te-be-supplied to the 
actuator and the vibration detecting signal Pr are compared for the relative 
relation of the two, and if the-vibration is generated at the time when the first step 
actuator operating pressure Pa rises, the step operating pressure Ps' is lowered, 



and if the-vibration is generated at the time when the second step actuator 
operating pressure Pa rises, the step operating pressure Ps' is raised, and the 
step operating pressure Ps\ of the step operating pressure Pa to make the 
vibration detecting signal Pr nearly zero, is determined by repeating a plurality 
number of adjustments of raising or lowering the afore-mentioned step operating 
pressure Ps' so that the afore-mentioned actuator operating type valve is 
geened mado opon based on the-data on the control signal Sc when the 2-step 
operating pressure Pa of the step operating pressure Ps' is outputted from the 
electro-pneumatic conversion device t o make the-generation of said-vibration 
nearly zero is outputted from tho oloctro pnoumatio conversion dev i co . 
[00204S] The present invention in accordance with a fifth method 
embodimen t as claimod in Claim 0 is fundamentally-ee constituted so that, 
usingwith the method for opening a fluid passage for which a vibration sensor is 
removably fixed on the upstream side of the actuator operating type valve 
installed on the fluid passage, aed-the vibration detecting signal Pr is inputted to 
the tuning box, and then, the control signal Sc from the tuning box is inputted to 
the electro-pneumatic conversion devic e. TV thus. the 2-step actuator operating 
pressure Pr generated bym the electro-pneumatic_- 
8 

conversion device by the afore-mentioned control signal Sc bemg-issupplied to 
the actuator so that the actuator operating type valve is made toppen in the 
2-step operation, and t he 2-step actuator operating pressure Pa te-be-supplied 
to the actuator and the vibration detecting signal Pr are compared for the relative 
relation of the two, and if the-vibration is generated at the time when the first step 
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actuator operating pressure Pa drops, th en the step operating pressure Ps' is 
raised, and if the-vibration is generated at the time when the second step 
actuator operating pressure Pa drops, then t he step operating pressure Ps 1 is 
lowered, and the step operating pressure Ps 1 of the step operating pressure Pa 
is determined t o make the vibration detecting signal Pr nearly zero is dotorminod 
by repeating a pluralit y numbor of adjustments of raising or lowering of the 
afore-mentioned step operating pressure Ps' so that the afore-mentioned 
actuator operating type valve is made-opened based on the-data on the control 
signal Sc when the 2-step operating pressure Pa of the step operating pressure 
Ps' is outputted from the electro-pneumatic conversion device t o make the 
generation of said-vibration nearly zero is outputted from tho oloctro - pneumat i e 
conversion dovico . 

[00214G] The present invention in accordance with a sixth method embodiment, 
which further modifies the fourth and fifth method embodiments. a s claimed in 
C l aim 10 according to Claim 8 or Cla i m Q is se-made so that the vibration sensor 
and tuning box can be removed after the-data on the control signal Sc, at the 
time of outputting the 2-step operating pressure Pa with which the-generation of 
vibration is nearly zero A arewefe inputted to the memory storage of the 
electro-pneumatic conversion device. 

[00220] The present invention in accordance with a seventh method 
embodiment, which further modifies the fourth and fifth method embodiments.a s 
claimed in Cla i m 11 accord i ng to Claim 8 or C l a i m 0 is se-made sojhat the 
vibration sensor is provided at athe position on the upstream side within 
1000mm from the place where the actuator operating type_- 
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valve is installed. 

[0023*] The present invention in accordance with an eighth method 
embodiment which further modifies the fourth and fifth method embodiments.a s 
oloimod in Claim 12 acoording to Cla i m 8 or Claim 9 is se-made so that the step 
operating pressure holding time t of the 2-step operating pressure Pa is set at 
less than 1 second. 

[00242] The present Invention in accordance with a ninth method 
embodimen t as claimod i n Claim 13 is so-made so that, emplovinq wftb the 
method with which a fluid is supplied to the fluid passage on the downstream 
side by opening the fluid passage by means of the actuator operating type valve 
Installed on the fluid passag e and having a nearly constant internal pressure 
therein, a chemical solution is used for a-fluid, and firstly, the valve body is 
moved toward -the direction of the-valve opening by increasing or decreasing 
the afore-mentioned driving input to the actuator to the prescribed set value, and 
the actuator driving input is held at the afore-mentioned set value for a short 
period of time, and secondthen, thesaid driving input is further increased or 
decreased to make the valve In a state of full opening so that awater hammer 
does not occur at the time e^the valve jsbemg opened. 
[00253] The present invention as claimed in Claim 14 according to Claim 13 is 
so-made sothat the time the actuator driving input is t o be held at the set value 
for a ehort p e riod of timo is made to be less than 1 second, and the pressure rise 
value of the fluid passage is made to be within 10% of the pressure value before 
the valve is made-opened. 
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Effects of the Invention 

[00264] EmplovinoW tth the method of the present invention, it is made 
possible to abruptly opent hat a fluid passage is abrupt l y op e ned in an extremely 
short period of time (e.g., within 300-1 000m sec.)-aRd without causing awater 
hammer because the valve can be_- 

opened in athe manner that, in the case wheret he fluid pressure is constant the 
driving force to the actuator is held at the set valuer to move the valve body to 
the prescribed position and to halt o nce for a short period of time . Therv te-hajtr 
and then , the valve body is moved to the full opening position, thus making the 
set value for the afore-mentioned driving force athe value in the appropriate 
range. 

[0027S] JWith t he water hammerless opening device* according to the present 
invention, it-is se-constituted so that water hammerless valve opening is 
achieved by a vibration sensor 18 that teb etog removably fixed to the pipe 
passage Li, wherein t he vibration detecting signal Pr is_detected by the vibration 
sensor 18 and is being fed back to the computation control device 16, and the 
actuator operating pressure te-be-applied to the actuator 11 of the valve body 10 
is controlled through the mediation of the electro-pneumatic conversion control 
device 1 7 be i ng controllod . 

As a result, without there being a stroke position detecting device boing 

installed on the valve body 10, or without athe pressure detector be i ng left 
attached to the pipe passage Li, water hammerless opening can be achieved, 
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and once the optimum conditions on water hammerfess valve opening (that is, 
the conditions on the control of the actuator operating pressure Pa) for the 
subjected pipe passage Li is determined, the vibration sensor 18 and 
computation control device 16 can be removed so that they can be used for 
other pipe passages, thus making it extremely advantageous economically 
[0028&] Furthermore, in accordance w ith the water hammerless opening 
device for the fluid passage o faccording to the present invention, it is so mado 
that a vibration sensor 18 is installed in the vicinity of the valve body 10 on the 
pipe passage under an-the - 

actual operating condition, and the valve body 10 is actually operated for 
opening/closing by applying the prescribed 2-step actuator operating pressure 
Pa to the actuator 1 1 of the valve body 1 0 from the electro-pneumatic conversion 
device 20 so that an&e optimum value of the step operating pressure Ps' of the 
afore-mentioned 2-step actuator operating pressure Pa is determined through 
the actual operation of the valve body 1 0, and the determined actuator operating 
pressure Pa is stored byat the storage device of the electro-pneumatic 
conversion device 20. 

As a result, It Js mak e s possible to abruptly ooent hat the valve body 10 

both reliabl v i s abruptly opened surely and promptly and w ithout causing awater 
hammer on the fluid passage byjjsingwtth the actuator operating pressure Pa 
gffrem the electro-pneumatic conversion device 20. 

[00297] In addition, the-selection and setting (tuning) of the afore-mentioned 
2-step actuator operating pressure Pa can be easily performed through the 



actual operations of the valve body 10 over 5-6 times. Also, by applying the 
actuator operating pressure Pa A having the appropriate step operating pressure 
Ps' A to the actuator 11, the va l u e in amplitude of the-pressure vibration at the 
time eMhe valve body 10 te bo i ng actually opened for the first time can be 
suppressed toat atbe lower value, thus making it possible to accurately 
determine in advance what ist hat the optimum value of the afore-mentioned 
actuator operating pressure P a is d e t e rmin e d accurat el y in advance without 

V 

adversely affecting the pipe passage b e ing adversely aff e cted . 

[00302S] Furthermore, by utilizing a personal computer, it js beoomos possible 

to perform t hat tho selection and setting (tuning) of the afore-mentioned 2-step 

actuator_- 

operating pressure Pa both is porformod extremely easil v at eas e and promptly, 
and also so that t he water hammerless opening device is manufactured at lower 
cost 

Brief Description of Drawings 

[003120] Figure 1 is a circuit diagram of the testing device used for detecting 
the occurrence of a_water hammer on the fluid passage. 
f00321 Figure 2 is an explanatory drawing to illustrate an electro-pneumatic 
conversion device used for the testing device, wherein (a) is a basic block 
diagram, and (b) is a block diagram. 

f0033J Figure 3 is a graph d i agram to illustratinqe the relationship between an 
input signal I (input voltage V) and an output pressure Pa (kgf/cm • G) of the 

Liel 



electro-pneumatic conversion device 5. 

» 

f0034J Figure 4 is a arae hdiagram to illustratjnge ,, w i th tho multi-step opening 
in which the internal pressure Pi of the pipe passage 1 is made constant, and to 
illustrate the a state of vibration changes in the pipe passage Li on the upstream 
side of the valve in the case where t he supply pressure Pa to the actuator is 
made-changed, wherein (a) shows the case where Pa is opened directly from 
Okgf/cm • G to 5kgf/cm • G, and (b) shows the case where Pa is chanqed droppod 
from Okgf/cm • G to 3.1kgf/cm • G and then to 5.0kqf/cm * GO . 
f0035] Figure 5 is a qraph d iaqram to illustratinoe how the internal pressure Pi 
of the pipe passage changes at the-multi-step type opening (Pa=0^=2.5= 
^Skgf/cm • G) in tihe.case wheret be tank pressure (the internal pressure Pi of the 
pipe passage) is made to changed, wherein (a) shows the case where the 
internal pressure Pi of the tank = 0.245MPa • G, (b) Pi = 0.255 and (c) Pi = 0.274 
respectively. 
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f00361 Figure 6 is an enlarged view of Figure 5(c). 

r00371 Figure 7 is a grap h diagram to illustratinge the relationshje between the 
internal pressure PT of the tank and the actuator operating pressure Pa so as t o 
prevent a_water hammer using w ith tho multi-step valve closing, wherein (a) 
shows the case where the internal pressure of the tank = 0.098MPaG, (b) 
0.196MPaG and (c) 0.294MpaG 1 respectively. 

r00381 Figure 8 is an explanatory drawing te-illustratjnge the relation ship 
between the actuator operating pressure Pa and the time of detecting-4he 
vibration in Figure 7. 
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f00391 Figure 9 is a whole block diagram of athe first embodiment of the water 
hammerless opening device for the fluid passage according to the present 
invention. 

rO04O1 Figure 10 is an explanatory drawing te-illustratjnge the control of the 
actuator operating pressure Pa (Figure 10a) and one example of the occurrence 
of the-vibration (FlgurelOb) using wftfr the water hammerless opening device ofm 
Figure 9. 

f0041 1 Figure 11 is a whole system diagram of the water hammerless opening 
device with resoec t in roaard to athe second embodiment according to the 
present invention. 

f00421 Figure 12 is an overview of athe PC screen display of a tuning box. 

K>0431 Figure 13 is a schematic bloc k schematic diagram of an 

electro-pneumatic conversion device. 

f00441 Figure 14 is a flow chart of auto-tuning operations. 

f00451 Figure 15 is an explanatory drawing for the relationshie between the 

driving,- 

pressure Pa and the vibration that o ccurred in the-auto-tuning operations. 
f00461 Figure 16 is a graah diagram to illustratinqe the relationship between 
the step pressure holding time t of the driving pressure Pa in steps and the 
pressure rising value AP. 

f00471 Figure 1 7 is a system diagram te-illustratinpe the case wheret hat the 
chemical solution supply method according to the present invention is applied to 
athe single wafer processing cleaner of the-semiconductor manufacturing 



equipment 



List of Reference Characters and Numerals 
[004830] PT Internal pressure of a water tank 

Li Pipe passage on the upstream side of a valve 

Pi Internal pressure of a pipe passage 

Pa Actuator operating pressure 

Pao Air supplying pressure 

AG Valve stroke 

S Valve opening/closing command signal 

1 Water tank 

2 Source for pressurizing a water tank 

3 Pressure sensor 

4 Valve 
4a Actuator 

5 Electro-pneumatic conversion device 

6 Valve driving gas source 



4# 



Signal generator 



8 Storage oscilloscope 

1 0 Valve body 

11 Actuator 

1 6 Computation control device 

1 7 Electro-pneumatic conversion control device 
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A7- 



18 Vibration sensor 

19 Tuning box 

20 Electro-pneumatic conversion device 
T Opening time detecting signal 

Pi Pressure detecting signal 

PM Permissible pressure rising value setting signal 

Pr Vibration detecting signal 

Prm Permissible upper limit vibration pressure setting signal 

Ps Step pressure setting signal 

Ts Step pressure holding time setting signal 

(Opening time setting signal) 
Sc Control signal 

Se Actuator operating pressure control signal 

So NO-NC switching signal for a valve 

t Step pressure holding time 

Ps' Step operating pressure 

Ao Fluid supply system 

Bo Single wafer processing cleaner 



W Wafer 

A • B • C • D Chemical solutions to be mixed 



Detailed Description of the InventionPfaetie e of tho Invention 

[004934-] In order to investigate how aj/vater hammer is caused in the liquid 
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supply system of the-semiconductor manufacturing equipment, the inventors of 
the present invention have observed the-pressure changes in the fluid flow 
passage at the time when the flow passage is switched from the-full closing to 

the-full opening by employing a pneumatic pressure operating diaphragm. 

Figure 1 is a circuit diagram of the testing device employed for the 

afore-mentioned investigation. Referring to Figure 1 , 1 designates a water tank, 
2 jsa source for pressurizing the water tank, 3 |sa pressure sensor, 4 is_a valve, 
5 isan electro-pneumatic conversion device, 6 tea valve driving gas source, 7 is 
a signal generator and 8 jsa storage oscilloscope. 

[005032J The afore-mentioned water tank 1 A having a capacity of 30 liters* is ef 
a hermetically sealed structure and stores about 25 liters of the fluid (water of 
25t:)therein._ 

Also, the water tank 1 is pressurized by ISfefrom the pressurizing source 

2, and the pressurization can be adjustedable as desired within the range of 
100~300KPa<i 

[005133] The afore-mentioned pressure sensor 3 is capable of detecting water 
pressure on the upstream side of the valve 4 with high sensitivity. A diffusion 
semiconductor type pressure sensor jswae employed in the testing device. 
[005234] A diaphragm type pneumatic valve is used for the afore-mentioned_- 
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valve 4 f and specifications thereof ar e as follows : fluid inlet pressure 0.1 MPa, 
fluid outlet pressure 0.3MPa, fluid temperature lO-IOO'C, the CV value 0.27, 
operating air pressure 3~0.6MPa, materials of liquid-contacting parts (PTFE for 
the valve body and PTFE for the diaphragm), and the inside diameter of the 
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passage js 4mm. 

SpecificallvN ametv. thesaid valve 4 is a pneumatically operating 

diaphragm valve whosetefr valve body is a normally-closed (N.C.) t ype synthetic 
resin made diaphragm. The diaphragm valve body restate rostod on the valve 
seat all gfthe time due tob y the elastic force of atbe spring (not shown in the 
figure) so that the valve is maintained in a closed state . W^ -while the actuator 
4a is operated bywith the supply of the-operating pneumatic pressure, theus 
resultmg ten thatthe diaphragm valve body movinq is moved away from the valve 
seat and maintaining a mainta i nod in o state in which the valve is kept open._ 

Accordingly, to open thesaid normally-closed type pneumatically 

operating type diaphragm valve, it is required that the-operating pneumatic 
pressure beis supplied to the actuator 4a. 

According to the present invention, it goes without savino t hero is no 

need to soy that a normally-closed type pneumatically operating diaphragm 
valve can be replaced by a normallv-open fN.O.l type pneumatically operating 
diaphragm valve. In such aMs case, the normallv-open type v alve is 
maintained in a state of being closed by raising the operating pneumatic 
pressure te-be-supplied to the actuator 4a. 

[005335] The afore-mentioned electro-pneumatic conversion device 5 is used 
to supply driving pressure (pneumatic pressure^ corresponding to the input 
signal_- 
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for directing the degree of the-valve opening i to the actuator 4a for the valve 4. 
As part ofWife the testing devic e of Figure 1 . the electro-pneumatic conversion 



device 5 A which is constituted as shown in Figure 2 X jshao boon employed._ 

In particularN affletv, when the input signal I is inputted to the control 

circuit A2, an air supply electromagnetic valve B2 opens so that a part of the 
supply pressure C2 is supplied to the actuator 4a offer the valve 4 as an output 
pressure Pa through the air supply electromagnetic valve B2._ 

The output pressure Pa is fed back to the control circuit A2 through the 

mediation of the pressure sensor E, thus arrthe operations for correction js-bein§ 
effected until the outputted pressure Pa reaches the output pressure Pa 
corresponding to the input signal I. Referring to Figure 2, F designates an 
exhaust electromagnetic valve, G is an e xhaust H is_a power source, and J isan 
output signal corresponding to the input signal I. TheSate output signal J (that 
is, an input signal I) is inputted to the storage oscilloscope 8 as the input voltage 
as described later 

[005436] Figure 3 is a diagram te-illustratrnge the relationship between the 
value of the input signal I (input voltage V) of the afore-mentioned 
electro-pneumatic conversion device 5 and the output pressure Pa. Figure 3 K 
shows that the valve 4 is held in a state of full opening whenw ith the input 
voltage js 5V (operating air pressure P = approximately 5kgf/cm • G). 
[005537] A compressor is employed for the afore-mentioned valve operating 
air source 6 to supply aasair with the prescribed pressure. And, the 
afore-mentioned signal generator 7 generates the input signal l A and the like a to 
the_- 
20 

electro-pneumatic conversion device 5 X and the like, so that the desired voltage 

123] 



output is outputted to the electro-pneumatic conversion device 5 as the input 
signal l._ 

Furthermore, the pressure detecting signal Pi (voltage V) A in the pipe 

passage Li on the upstream side from the pressure sensor 3 A and the input 
signal I (input voltage V) to the electro-pneumatic conversion device 5 are 
inputted to the afore-mentioned storage oscilloscope 8 in order ? to observe and 
record the changes in the pressure Pi in the pipe passage Li, the changes in the 
input signal (input voltage V) A and the like. The storage oscilloscope 8, which 
has its time-axis js-graduated in 500m sec/1 , j shas boon employed |nfef the 
testing device. 

[005638] Referring to Figure 1 , the internal pressure PT of the water tank 1 is 
held at a specified pressure of 0. 1 72MPa • G, and the ooeratinoa if pressure Pa of 
0.490MPa • G is supplied to the actuator 4a, thus making the valve 4 move t o a 
state of full opening from a state of full closing. In this caseH ere. the inside 
diameter of the pipe passage Li was 4.0mm, the length approximately 1 .0m, and 
the flow rate Q of the-water was approximately 3.45 liters/min. Figure 4 shows 
changes in the supply air pressure Pa to the actuator 4a offef the valve 4 and in 
the internal pressure Pi of the pipe passage Li on the upstream side observed by 
the storage oscilloscope. 

As apparent from th e aforo shown Figure 4(a), there wore shown 

changes in *e-vibration output* with the amplitude of approximately maximum 
12 V. were show n as in Fiauro 4(q) when the valve 4 was fully opened through 
the process of 0 (fully closed)->0.490MPa • G (fully opened). 
[005738] On the other hande entfiafv. in the case wherefe e supply pressure Pa 



is made tg_change4 as 0 (fully closed) 
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->0.2 9 MPa ; G (mid-oosition or intermediate positionW O.49 0 MPa • G ffullv 
opened) (Figure 4(b)), th e r e wero soon nearly no changes in the vibration 
of the pipe passag e were observed , thus demonstratin o rosulting i n that the 
water hamme r effect can be4s perfectly prevented. 

[005840J In particularN amelv. it is apparent that T if the internal pressure Pi of 
the pipe passage Li is kept constant, then ( 1 ) the fluid passage can be opened* 
without causing awater hammer* in about 500-1 000m sec by opening the valve 
instantaneously from a state of full closing to a certain degree of openin g (i.e.. 
mid-position or intermediate oositionV and then making the valve move t o a state 
of full opening after a short lapse of time, and (2) the water hammer cannot be 
prevented if the afore-mentioned initial halt position of the valve body, that is, the 
degree of valve opening, is either greater or smaller than a specific value. 
[005944] Figure 5(a), (b), (c) show the-pressure changes in the pipe passage 
on the upstream side of the valve 4 when the step pressure Ps is made to 
changes' from 0.245MPa • G to 0.255MPa • G to 0.274MPa • G, and the pressure 
Pa of the actuator is made tochangee* as 0-*0.245-»0.49MPa • G, to open the 
valve 4 fully in 1 00m sec. 

[006042] Figure 6 is an enlarged view ofw hat the afore-shown Figure 5(c)4e 
onlargod . It becomes apparent that the-vibration of the pipe passage Li on the 
upstream side can be made nearly zero by fully opening the valve 4 with athe 
2-step operations to raise the pressure Pa of the actuator in the order of 0-» 
0.294-*0.490MPa • G in about 1000m sec. 
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[006143] Figure 7(a), (b), (c) show what survoyod on t he relation ship observed 
between the step pressure Ps and the vibration pressure in the pipe passage Li 
on the upstream side in the cas es where the internal pressure of the tank is 
made to be 0.098, 0.196 and 0.294MPa • G x respectively. Thus, it becomes 
apparent that there_- 

exists athe step pressure Ps thatwhteh minimizes the-vibratlon pressure for each 
case. In these casesHefe, a-holding time of the step pressure is mado to bo 
1000m sec. 

[006244] Figure 8 is an explanatory drawing of the supply pressure Pa to the 
actuator 4a in the test of the afore-shown Figure 7, and shows the relation ship of 
the-positioning of the step pressure Ps and the first step (point A) and the second 
step (point B). 

[The First Embodiment of a Water Hammerless Opening Device] 

[006345] Figure 9 and Figur e 1 0 illustrates the basic block configuration of the 

first embodiment of a water hammerless opening device for the fluid passage 

according to the present invention. The device is mainly used when it is found 

difficult to mount a pressure detecto r such as 3.- Pe on the pipe passage Li on 

the upstream side thatwhi6fr has been already installed, or to mount a valve 

stroke detector (a position detector) on the valve body 1 0. 

[00644€] Referring to Figure 9 and Figure 10, thesate water hammerless 

opening device is made by assembling a valve body 10, an actuator 11, an 

electro-pneumatic conversion control device 17, a computation control device 16 
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thatwhteh makes poss i ble tho control possible over the step switching of the 
actuator operating pressure Pa, and t he pressure holding time Ts after having 
been switched and the like . A , and a vibration sensor 18 js_removably fixed to 
the pipe passage Li on the upstream side so that the conditions of opening of 
the valve body 10 a which make water hammerless opening possible* are set and 
stored beforehand by appropriately selecting the-step switching of the actuator 
operating pressure Pa (switching from 0 to the step pressure Ps in Figure - ! 0(a)) 
applied to the actuator_- 

11 of the valve body 10 and also t he holding time Ts of the step pressure Ps. 
[006547] More specificallvN afflelv. with respect to Figure 9 and Figure 10, 16 
designates thea computation control device, 17 is thea n electro-pneumatic 
conversion control device, 18 is_a vibration sensor, 6 is_a valve driving gas 
source, 10 is_a valve body and 11 js_an actuator The driving pressure Pao 
(approximately 0.6MPa in this embodiment) from the valve driving gas source is 
converted to the step operating pressure Pa as shown in Figure10(a) by the 
electro-pneumatic conversion control device 17, and then is applied to the 
actuator 11. 

[006648] The actuator operating pressure Pa applied to the actuator 1 1 x and its 
holding time Ts* are controlled by the control signal Sc from the computation 
control device 16 determined beforehand bv the operating test whereine f 
opening of the valve body was conducted for each pipe passage Li on the 
upstream side of the valve boforohand i n athe manner described later. 
IheSaid vibration sensor 18 and computation control device 16 are removed 
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from the pipe passage Li on the upstream side upon completion of the selection 
o fseleoting the afore-mentioned control signal Sc by employing t he operating 
test foref opening the valve body 10. 

[006748] TNamely, t he afore-mentioned computation control device 16 is 
equipped with a setting circuit 16a for receiving t he step pressure setting signal 
Ps, a setting circuit 16b for receiving t he pressure holding time setting signal Ts, 
a setting circuit 1 6c for receiving the permissible upper limit vibration pressure 
setting signal Prm, a pipe passage vibration pressure detecting circuit 16d, a 
comparison computation circuit 16e x and the like . T , and to which th e vibration 
detecting signal Pr A b y which changes in the internal pressure Pi detected by the 
vibration sensor 1 8 at the time of opening of - 
24 

the valve body 10 are considered , the step pressure setting signal Ps, the step 
pressure holding time setting signal Ps, and the permissible upper limit vibration 
pressure setting signal Prm are inputted^ respectivel y, to the computation control 
device 16 . 

[006850] JAnd, t he vibration detection signal Pr and the permissible upper limit 
vibration pressure setting signal Prm are compared at the comparison 
computation circuit 16e. When athe difference is found between them, as 
described later, the step pressure setting signal Ps is corrected so that the 
control signal Sc includ es th e ing said corrected stop pressure step pressure 
setting signal Ps and the holding time setting signal T s. The control signal Sc is 
outputted to the data storing part 17a of the electro-pneumatic conversion 
control device 17. 
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[006954] Also, the afore-mentioned electro-pneumatic conversion control 
device 17 is equipped with a data storage part 17a, a signal conversion part 17b 
(i.e.. a signal generator 7), an electro-pneumatic conversion part 17c (i.e». a n 
electro-pneumatic conversion device 5) x and the like. The actuator operating 
pressure Pa supplied to the actuator 11 is switched and converted in tbe-steps^ 
as shown in Figure 10(a) x by the actuator operating pressure control signal Se 
from the signal conversion part 17b that te betog inputted to the 
electro-pneumatic conversion part 17c._ 

The switching signal So correspond inq t o corrospond to the valve 



opening/closing command signal S and the operating situation (N O = normally 
open or NC = normally closed) of the valve body 10 is inputted to thesaid 
electro-pneumatic conversion control device 1 7. 

[0070§2] Referring to Figure 9, firstly a vibration sensor 18 is fixed to the pipe 
passage. Next, the appropriate step pressure setting signal Ps, step pressure 

holding time setting signal Ts A and permissible upper limit vibration pressure 
setting signal Prm A are inputted to the computation control device 16, and the 
valve body switching signal So of the electro-pneumatic conversion control 
device 1 7 and the actuator operating fluid supply pressure Pao are appropriately 
set. 

[0071§3] Then, by inputting the valve opening/closing command signaLS, the 
actuator operating pressure Pa, for example, like a form shown ine f Figure 10(a), 
is supplied to the actuator 11 of the valve body 10._ 

Now, when the actuator operating pressure Pa is raised from 0 to Ps at 



a-time ti f the fluid passage of the valve body 10 is opened up to its mid-position, 
and the valve body 10 is in thea state of full opening whenb v the actuator 
operating pressure Ps js bo i ng made to be Pamax at a-time h when, further, the 
set holding time has e lapsed. 

[007264] Meantime, if the internal pressure Pi of the pipe passage Li changes 
due to the ocqurrence of a_water hammer, the changes are detected by the 
vibration sensor 18 and the vibration detecting signal Pr is inputted to the 
computation control device 16. 

In the computation control device 16, the detecting signal Pr and 

permissible upper limit vibration pressure setting signal Prm are compared, and 
when it is found that there occurs no vibration or the vibration is within tolerance 
at a position Ai (time ti), but the vibration exceeds tolerance Prm at a position A2 
(time b), the step pressure setting signal Ps is corrected to raise the actuator 
operating pressure a little so that the corrected step pressure setting signal Ps^_ 
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and corresponding holding time setting signal Ts thereof are outputted as the 
control signal Sc from the computation control device 16 to the 
electro-pneumatic conversion control device 17, and the same operating tests 
for opening the valve body are thereafter repeated thereafter . 
[0073S5] Conversely, when it is found that the-vibration occumnqe4 at a 
position A1 (time ti) exceeds the permissible upper limit vibration pressure 
setting signal Prm, the setting signal Ps is corrected to lower the 
afore-mentioned step pressure setting signal Ps a little, and outputted as the 
control signal Sc from the computation control device16 to the electro-pneumatic 



conversion control device 1 7, and the same operating tests for opening the valve 
body 1 0 are repeated thereafter. 

[0074§6] Through repeatjpged operating tests as described stipulatod in the 
abov e paragraphs [006448] and [00674©], the intermediate operating pressure 
Ps (the step pressure setting signal Ps) for the actuator 11 a required for water 
hammeriess opening of the pipe passage Li equipped with a vibration sensor 18 A 
is selected for the specified step pressure holding time setting signal Ts (the 
valve opening time Ts). The selected control signal Sc A b^with which the 
optimum step pressure setting signal Ps and holding setting time Ts -willfef not 
causeing awater hammer , are given is stored in the data storage part 17a of the 
electro-pneumatic conversion control device 17, and the pipe passage Li is 
opened from then on by controlling the actuator operating pressure Pa based on 
the stored control signal Sc. 

[0075&7] In accordance w With the embodiment in the afore-shown Figure 9 
and Figure 1 0, the present invention^ is so made that the actuator operating 
pressure Pa is controlled in 2 steps._ — 
2? 

However, it goes without savina t h e re is no nood to sav that the invention* * can be 
switched in 3 steps or 4 steps when necessary._— 

Normally, the step holding time setting signal Ts is set between 0.5-1 

second. It also goes without sayin qT horo is no no e d to sav that the shorter 
thesaid time Ts becomes, the more difficult it becomes to find the conditions for 
water hammeriess opening. 



[The Second Embodiment of a Water Hammeriess Opening Device] 

[0076§8J Figure 11 illustrates the second embodiment of the method of 

opening a fluid passage* and the water hammeriess opening device for which 

the method is used* according to the present invention. 

In Figure 11, Li designates a pipe passage, 10 tea valve body, 11 js_an 

air actuator, 18 |s_a vibration sensor, 19 |s_a tuning box and 20 is an 
electro-pneumatic conversion device. The basic configuration as a water 
hammeriess opening device is almost the same as that of the first embodiment 
shown in Figure 9. 

[007758] The afore-mentioned tuning box 19 is for optimizing the actuator 
operating pressure Pa in 2 steps supplied to the air actuator 11 usina fev the 
vibration detecting signal Pr* provided bvfr em the vibration sensor 18 mounted 
on the upstream side of the valve body 10 and which is -feetag inputted as a 
feedback signal s The tuning box is foM e detecting the occurrence of a_water 
hammer from thesaid feedback signal Pr and is fort e outputting the control signal 
Sc* for the actuator operating pressure* to the electro-pneumatic conversion 
device 20. Specificall vC oncrotolv . as described later, the-optimal values for the 
step operating pressure Ps' of the actuator operating pressure Pa and the step 
operating pressure holding time t as shown in Figure 15* are computed . T 7 

thus* outputting the control signal Sc may be outputted t o the 

electro-pneumatic conversion device 20 . which will- to make thesaid - 
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actuator operating pressure Pa output from the electro-pneumatic conversion 
device 20 to the actuator 11 . 



[007860] JheSate tuning box 19 is equipped with a selector switch for 
switching the control signal Sc corresponding to the type of operation (N.O. or 
N.C.) of the air actuator 11 of the valve body 10. 

[007964] Figure 1 2 shows one example of the PC screen display thatwhteh 
forms athe major part of the tuning box. The screen display is se-constituted so 
that a state of opening/closing of the valve body 10, the actuator operating 
pressure Pa to the air actuator 11, circumstances of the vibration of the pipe 
passage Li, the step operating pressure Ps' and pipe vibration values, the 
condition setting for auto-tuning, the condition setting for manual opening/closing, 
the operation type of the valve body 10 A and others information can be displayed 
on the screen. 

[008062] The signal converter and electro-pneumatic converter are combined 
to make the afore-mentioned electro-pneumatic conversion device 20. _As 
shown in Figure 13, the electro-pneumatic conversion device 20l t comprises an 
air inlet electromagnetic valve B2, an air outlet electromagnetic valve F, a 
pressure sensor E f a control circuit A2^ and others. Basically, thefts 
configuration is almost the same as those shown in Figures 2(a) and (b). 
[008163] In particularN ametv. arrthe air pressure higher than 0.6MPa is 
supplied to the air inlet electromagnetic valve B2, and arrthe air pressure of 
0~0.5MPa is outputted to the actuator 11 as the actuator operating pressure Pa.. 
The control circuit A2 of thesaid electro-pneumatic conversion device 20 is 
equipped with the substrate Ai, the outside input/output interface Ao x and others. 

The outside input/output interface Ao is equipped with two connectors Ac and Ad. 



(331 



A power supply source (DC24 or 12V), an opening/closing signal I (voltage input 
or non-voltage input) and a pressure monitor (0-5DCV • 0-981 KPaG) are 
connected to the connector Ad, while thea tuning box 19 is connected to the 
connector Ac. 

[008264] Figure 1 4 shows the implementation flow of the-auto-tuning in the6aid 
second embodiment Figure 15 shows the relative relation ship between the 
actuator operating pressure Pa applied to the actuator 11 and the occurrence of 
the-vibration. 

As in the case of Figure 10, the 2-step actuator operating pressure^-m 

2-step 6as shown in Figure 15, is applied as the actuator operating pressure Pa. 
[00836S] Referring to Figure 14. and a s shown in Figure 11, the vibration 
sensor 18 is fixed at a prescribed position of the pipe passage Li (a position on 
the upstream side within about 1000mm from the valve body 10, or preferably a 
position of 100-1 000mm away to the upstream side), and a tuning box 19 and 
an electro-pneumatic conversion device 20 are set A rBspectively._— 

Next, the valve is held in a state of full closing for about 2 seconds (step 

S2) bywith the input (step Si) of the auto-tuning start signal, and then thee 
actuator operating pressure Pa is applied in 2 steps for conductinat he control 
boing conducted (step S3). As described later, the holding time t of the step 
operating pressure Ps' has been set between 0.5-1 sec. 
[0084§§] The vibrations caused on the pipe passage Li^-when the valve body 
10 is opened* are detected and confirmed (step S4) by the vibration detecting 
signal Pr_- 
30 
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from the vibration sensor 18, and at e check is made t o see whetheriMhe 
vibrations are caused at the point Ay or at the point By (step Ss, step S6). When 
it is found that the-vibrations are caused at the point Ay, the step operating 
pressure Ps' of the actuator operating pressure Pa Is reduced (step S7), while 
when it is found that the vibrations are caused at the point By, the 
afore-mentioned step operating pressure Ps 1 is raised (step Sa). 
[008567] The actuator operating pressure Pa having the optimum step 
operating pressure Ps' x with which no vibration is caused,, is eventually obtained 
by repeating the control of the-opening of the afore-mentioned valve body 10 
(normally over 2 or 3 to 15 times). Th en the valve body 10 is made toppen by 
inputting the control signal Sc obtained through auto-tunina of the 
electro-pneumatic conversion device 20 t o output the actuator operating 
pressure Pa in 2 steps, with-which completely prevents t he vibrations-are 
comploto l y provontod, obtainod through the auto - tun i ng to tho oloctro - pnoumatic 
convers i on dovico 20 . 

[008668] The shorter is set the step operating pressure holding time t of the 
2-step actuator operating pressure Pa x in 2 stops applied at the time of the 
afore-mentioned auto-tuning, the better. However, when usinow fth a 
pneumatically operating actuator 11 , it is desirable that the time t is less than 1 
second. 

Fro mWith aforo shown Figure 14 and Figure 15, an illustrationt he 

exp l anation is given for the case where a that tho normally closed type 
pneumatically operating diaphragm valve is employed, and th e valve of the valve 
body 10 which va l vo is closed and thenl s made to open by supplying the 



actuator operating pressure Pa. However, it goes without savin q thoro i s no 
noed to say that a water hammerless opening can also be achieved by 
employing athe normally open type pneumatically operating diaphragm valve so 
thatan4 reducing the_- 

actuator operating pressure Pa in 2 steps opens the valve . In this case, it 
should be noted that the-adjustments of the step operating pressure Pa' of the 
actuator operating pressure Pa are the reverse of the case of when t he 
afore-mentioned normally closed typ e pneumatically operating diaphragm valve 
is used.T That is, when the-vibrations are caused at the time when e f-the 
actuator operating pressure Pa _ in the first stop jsboing reduced in the first step , 
the step operating pressure Pa' is then raised, while when the-vibrations are 
caused at the time when e f-the actuator operating pressure Pa in the second 
step is being reduced, th en the step operating pressure Pa' is lowered. 
[0087§8] Figure 16 illustrates thea relationship between the step operating 
pressure holding time t and the pressure rising value AP(MPaG) when the 
pneumatic pressure operating valve (19.05mm ) is employed , with which-4he 
inner capacity remains unchanged at the time when the valve is opened or 
close d, is e mployod , and 3 pipe passages with athe liquid line of 0.098MPa, 
0.198MPa and 0.294MPa are opened with anthe operating pressure Pa having 
the actuator operating pressure Pa of 0MPaG z ±=0-294MPaG=^0.490MPaG 
in 2 steps. It has been determinedk newn that if the step operating pressure 
holding time t is made to be more thanj second, the pressure rise AP can 
reach nearly zero, and if t is made to be less than 0.5 second, the pressure rise 
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AP goes up. 

[00887Q] Upon completion of the afore-mentioned auto-tuning, when the 
control signal So x which allows the-water hammeriess opening of the pipe 
passage Li (that is, the control signal for outputting the actuator operating 
pressure in 2 steps which allows forthe water hammeriess opening^ is 
determined, then data of the afore-mentioned control signal Sc (that is, the 
operating pressure Pa) are_- 
32 

transmitted to the electro-pneumatic conversion device 2 0 thatr -te stores the 
data separately^THhuSi the tuning box 19 and the vibration sensor 18 are no 
longer necessary and may beb einq removed from the system . 
[00897+] When it becomes necessary to urgently opent bat the valve body 1 04s 
oponod urgently , the 2^te£_actuator operating pressures Pa x i n 2 stops which 
permita tiews the w ater hammeriess opening x are outputted from the 
electro-pneumatic conversion device 20 to the actuator 11 of the valve body 10 
by emplovinqu stae the data on the afore-mentioned control signal previously 
determined through the-auto-tunin g beforehand . 

[009072] With respect to the embodiment in tho aforo shown in Figure 11, 
when the actuator operating pressure Pa (the step operating pressure Ps' and 
the holding time t thereof) is determined upon completion of the auto-tuning 
operation, the-data on thesaid operating pressure Pa are transmitted to the 
electro-pneumatic conversion device 20; T thus x the vibration sensor 18 and the 
tuning box 19 are completely removed thereafte r from the system . However, it 
goes without savln at horo io no nood to cav that the tuning box 19 mav befe 
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downsized so that it can be integrated with the electro-pneumatic conversion 
device 20. 

[009173] Figure 17 is a system diagram te-illustratinge how the method of 
supplying chemical solutions according to the present invention is applied to 
athe single wafer processing cleaner thatwhteh constitutes a semiconductor 
manufacturing facility. According toWlth Figure 1 7, Ao designates a fluid supply 
system, 10 are valve bod ies* installed in the fluid supply system Ao, Bo|sa single 
wafer processing cleaner, Lo is a pipe passage, W is_a wafer, A is a mixed 
chemical solution (ozonized ultra-pure water • the concentration of ozone 
2~3ppm), B isa^mixed chemical solution of hydrofluoric acid, hydrogen peroxide, 
ultra-pure water (mixing ratio 0.03:1:2), Cisa - 

mixed chemical solution of ammonium hydroxide, hydrogen peroxide, ultra-pure 
water (mixing ratio 0.05:1 :5), and D is_ultra-pure water. The fluid supply system 
Ao in Figure 1 7 is constituted in the form like, for example, the afore-shown 
systems of Figure 1, Figure 9 or Figure 11. The system of Figure 1 7ft is so 
constituted that, firstly, the valve of the valve body 10 is moved in the direction of 
Ihe-valve opening through the-mediation of the actuator (not illustrated) by a 
given degree, and next, the valveft is held as it is at the given degree of valve 
opening (i.e., mid-position or intermediate) for a short period of time, and then 
the valve is moved to the position of full opening sgrthus the valve body 10 Is 
fully opened. 

[009274] The constitution and action of the fluid supply system Ao are exactly 
the same as those in the systems of afore-shown Figure J , Figure 9 or Figure 11. 



Therefore, furtherthe explanation of these alternate embodiments is omitted 
herewith . 

The cleaning process of a wafer W is that firstjy cleaning is performed 

usingwith the mixed chemical solution A, and next* the mixed chemical solution 
B is supplied, and then the mixed chemical solutions C and D are supplied in 
turn asby the valve body 10 febeing switched through the-mediation of the 
actuator. 

[009S7§] At the time of eupp l ying t he chemical solutions A, B, C and D are 
supplied , it is desirable that the pressure rise value in the pipe passage Li x 
occurringed when the valve body 10 is opened* is kept within 10% of the 
pressure value before the valve is opened. In order that the pressure rise value 
is kept within the afore-mentioned 10 % limit , some adjustments are made for the 
driving input value to the afbre-mentioned actuator and also for the 
corresponding holding time thereof . The pressure rise value in the pipe 
passage Lo can be kept within 10% of the steady state value by 

maintainingm akme the pressure rise value in the pipe passage Li within 10%. 
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Furthermore, with respect to t he embodimen t discussed above , tbe-explanation 
is providedeiveB only for the upper limit of the pressure rise value at the time ef 
tho start of supplying ofmixed chemical solutions A, B, C and D (or at the time of 
the valve being opened ) is started . However, it goes without savin at h e r e i s no 
neod to say that there exists arrthe upper limit for the pressure rise value foref 
the pipe passage Li at the time of hattjngthe hatt-ef-supplyin§ ofmixed chemical 
solutions A, B, C and D (or at the time of the valve being closed). Each valve 



body 10 in Figure 17 is operated for closing so that the afore-mentioned 
pressure rise value is kept within the set value. 



Feasibility of Industrial Use 

[0094?S] The present invention is applicable not only to the-supply pipes for 
water, stean\ and the like A used in industries, but is also applicable to the-supply 
pipes for household water/hot water. The present inventions is also applicable 
to the-supply pipes for fluids (gases and liquids) used in ^^semiconductor 
manufacturing plants, chemical plants^ and the like. The present invention is 
particularly suited for applicationa pptvina to chambers-, wafer cleaning devices 
or various types of etching devices used for semiconductor manufacturing. 
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